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§  Thermal <νp>, latest WPEC-SG34 vs. Standards’07 

§  Fluctuations in the RRR 

§  Re-evaluation needed in the fast energy range? 

§  Fixed the B-VII.1 covariance matrices for <νp> for both 235U and 239Pu 
(submitted to NNDC in Aug. 2014) 

Average neutron multiplicity, 239Pu 

Slide 3 
 2.8

 3

 3.2

 0.001  0.01  0.1  1Av
er

ag
e 

Pr
om

pt
 N

eu
tro

n 
M

ul
tip

lic
ity

 (n
/f)

Incident Neutron Energy (MeV)

239Pu
ENDF/B-VII.1

JENDL-4.0
JEFF-3.1

Gwin, 1986
Boldeman, 1971

Savin, 1970

 0.7

 0.75

 0.8

R
at

io
 23

9 Pu
 th

er
m

al
 <
ν p

> 
/ 25

2 C
f (

sf
) <
ν p

>

H
op

ki
ns

, 1
96

3

M
at

he
r, 

19
64

Vo
lo

di
n,

 1
97

2

Bo
ld

em
an

, 1
98

0

G
w

in
, 1

98
4

St
an

da
rd

s,
20

07

H
ol

de
n 

an
d 

Zu
ke

r, 
19

88

EN
D

F/
B-

VI
I.1

JE
N

D
L-

4.
0

JE
FF

-3
.1

W
PE

C
-S

G
34



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

§  Physics: (n,γf) or/and Y(A,Z,TKE)? 
§  Impact on applications? 

Average neutron multiplicity, 239Pu 
Fluctuations in the RRR 

Slide 4 
 2.4
 2.5
 2.6
 2.7
 2.8
 2.9

 3
 3.1
 3.2
 3.3
 3.4
 3.5
 3.6

-3 -2 -1  0  1  2  3
 8
 8.2
 8.4
 8.6
 8.8
 9
 9.2
 9.4
 9.6
 9.8
 10

Av
er

ag
e 

Pr
om

pt
 N

eu
tro

n 
M

ul
tip

lic
ity

 (n
/f)

Average Prom
pt G

am
m

a M
ultiplicity (γ/f)

ΔTKE (MeV)

 2.6

 2.7

 2.8

 2.9

 3

 3.1

 0  20  40  60  80  100

A
ve

ra
g
e
 N

e
u
tr

o
n
 M

u
lti

p
lic

ity

Incident Neutron Energy (eV)

239Pu
ENDF/B-VII.0

WPEC SG. 34

Frehaut and Shackleton, 1972

Weston and Todd, 1974

Gwin, 1984

DANCE γ-ray data 
(Mosby, Couture) 

Monte Carlo Hauser-
Feshbach calculations 
with Y(A,Z,TKE+ΔTKE) 
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Average neutron multiplicity, 235,238U 
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From Trkov, Capote (2014) 

 2.4

 2.5

 2.6

 0  10  20  30  40

A
ve

ra
g

e
 P

ro
m

p
t 

N
e

u
tr

o
n

 M
u

lti
p

lic
ity

 (
n

/f
)

Incident Neutron Energy (eV)

Reed, 1973
Simon, 1975

Frehaut, 1973
ENDF/B-VII.1

JENDL-4.0
JEFF-3.1

Lack of accurate experimental data 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA 

UNCLASSIFIED 

§  Experiment:  
–  very little data, esp. at higher 

energies 

§  Modeling: 
–  new capabilities with Monte Carlo 

codes: CGMF, FREYA, FIFRELIN, 
GEF, … 

–  Systematics based on Terrell’s 
formula, and compared to limited 
data by Frehaut 

Neutron Multiplicity 
Distribution P(ν) 
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